

t 


FLIGHT EFFECTS ON THE AERODYNAMIC AND ACOUSTIC CHARACTERISTICS 
OF INVERTED PROFILE COANNULAR NOZZLES 


I 


E 


t 




[ 

[ 

I 



I 



t 


\ 


1. 




i; 

r 


1 






r. 

r 

r. 

[ 


COMPREHENSIVE DATA REPORT 


CR-13S18B 

fPWAWB) 

•ft* 


NASA Lawii Raiwrch Cantar 
Uhdar Contraa NAS3-17866 



PRAn a WHrrC«Y AIRCRAFT GROUP 

Commercial Products Oivition 




plight effects OH 
ACOUSTIC CHARACTERISTICS 
OP INVERTED PROPII.R COANNULAR NOZZLES, 

VOLUME 1 Final Report (Pratt and Whitney 
Aircraft Group) 174 p mc A08/HF aOI G3/ 


M78-29867 


Unclas 

27204 






PRATT A WHTTNEY AttCRAFT GROUP 


' . FOREWORD 

I 

I j I This report documents the work performed during the flight effects phase of Contract NAS3-1 7866. 

j Due to the large amount of information generated under this program, the report has been prepared 

I in three volumes. 

I 

Volume 1 contains a graphical presentation of data generated under this program. 

j Volume II contains the acoustic data from the acoustic tests of the convergent reference nozzle ?nd 

the 0.75 area ratio coannular nozzle. This volume also contains the data processing routines used 
I to scale the acoustic data and to correct the data for atmospheric attenuation. 

^ Volume 111 contains the acoustic data from tests of the 0.75 area ratio coannular nozzle with ejector 

and the 1.2 area ratio coannular as well as the aerodynamic data acquired for the four test configura- 
I tions. 

The companion final report, NASA CR-3018, includes a description of the facilities used, the test 
hardware, the significant test results, the conclusions, and technology recommendations. 
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INTRODUCTION 
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The acoustic and aerodynamic data measured during the flight effects phase of the program are 
presented in this volume in graphical form. The content of each section is described below. 


Section A 

This section presents comparisons of jet noise spectra at static conditions obtained from two 
facilities: United Technologies Research Center (UTRC) acoustic wind tunnel and the outdoor 
facility at the Governments Products Division, Pratt & Whitney Aircraft Group (formerly the 
Florida Research and Development Center, FRDC), used in a previous phase of this work. 

The comparisons include noise spectra measured at 90® and 1 50® relative to the upstream jet 
axis of the reference convergent nozzle, and the 0.75 and 1.2 area ratio coannular nozzles. 

In addition, the effects of screech tab suppression on noise spectra are also included. In 
these tests the tabs were installed around the nozzle lip in order to eliminate shock screech 
tab suppression on noise spectra are also included. In these tests the tabs were installed 
around the nozzle lip in order to eliminate shock screech arizing from underexpanded supers 
sonic nozzle operating conditions. A detailed discussion on the screech elimination is con* 
tained in the Final Report, NASA CR-3018. 

Section B 

The effect of relative velocity on OASPL directivity is presented in this section. Directivity 
plots are included for all configurations all operating conditions. 

Section C 

The effect of relative velocity on noise spectra is presented in this section. Third octave band 
Sound Pressure Level (SPL) plots are included for ail configurations at typical operating con- 
ditions. 

Section D 

Tliis section presents the Pressurd Noise Level directivity at 2128 ft. sideline distance for the 
various tunnel velocities for all the coannular nozzle configurations at two operating condi- 
tions. 

Section E 

Nozzle exhaust plume velocity profiles are presented in this section for all operating condi- 
tions where traverse data was taken. The profiles of each configuration tested are compared 
at the four tunnel velocities. 


Section F 

This section presents measured nozzle thrust and flow coefficients (Cp and Cj)) at various 
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tunnel velocities and nozzle pressure ratios for all the configurations tested. A curve o 
coefficient adjustments which may be applied to the measured thrust coeffiaents is also pre- 
sented to more completely define the performance potential of the noztles. The adjustments 
identify the internal losses between the charging station and nozzle exit, and the overexpmi- 
sion losses of the convergent divergent primary nozzles. 

INDEX TO DATA CURVES 


The data contained in this volume arc presented by nozzle configuratins which arc identified 
by the numbers listed below. 


Configuration 

Number 

1 

2 

3 

4 


Configuration Discription 
Convergent Reference Nozzle 
0.75 Area Ratio Coannular Nozzle 
0.75 Area Ratio Coannular Nozzle With Ejector 
1.2 Area Ratio Coannular Nozzle 


To facilitate locating data, an index for each section of this volume is presented, as follows: 
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SECTION A. STATIC NOISE DATA COMPARISONS - UTRC VS. FROC 
1 . Without Screech Tabs 


Nozzle Conflgurations 


2 

2 

2 

2 


2. With and Without Screech Tabs 


2 

2 

2 

4 

4 


Nozzle Configuration 


^tp^amb 

Tt/F) 

^tf^amb 

Tt^*F) 

Page 

1.3 

250 




Al,2 

1.53 

250 




A3, 4 

1.8 

250 




A5,6 

2.5 

250 




A7,8 

1.3 

800 




A9, 10 

1.8 

800 




All, 12 

2.5 

800 




A13, 14 

3.2 

800 




A15, 16 

1.53 

250 

1.3 


800 

A17, 18 

1.53 

250 

1.8 


800 

A 19, 20 

1.53 

250 

2.5 


800 

A21,22 

1.53 

250 

3.2 


800 

A23, 24 

«ch Tabs 






1.3 

250 




A25, 26 

1.53 

250 




A27, 28 

1.8 

250 




A29, 30 

2.5 

250 




A31.32 

1.3 

800 




A33, 34 

1.8 

800 




A35, 36 

2.5 

800 




A37, 38 

3.2 

800 




A39,40 

1.53 

200 

1.3 


800 

A41,42 

1.53 

200 

2.5 


800 

A45, 46 

1.53 

200 

3.2 


800 

A47, 48 

1.53 

250 

1.3 


800 

A49, 50 

1.53 

250 

1.8 


800 

A51,52 

DF RELATIVE VELOCITY ON OASPL DIRECTIVITY 



Tt(“F) 


V«(fps) 

Page 

1.3 

250 

0. 

100, 200, 340 

BI 

1.53 

250 

0. 

100, 200, 340 

B2 

1.8 

250 

0. 

100, 200, 340 

B3 

2.0 

250 

0. 

100, 200, 340 

B4 

2.5 

250 

0. 

100, 200, 340 

B5 

3.2 

250 

0, 

100, 200, 340 

B6 

1.3 

600 

0. 

100, 200, 340 

B7 

1.8 

600 

0. 

100, 200, 340 

B8 
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SECTION B. (Cont'd) 


r ^1“ 


\ 

i 


Nozzle Configuration 

^t/^amb 


Tt^F) 

V„,(fps) Page 

1 

2.5 


600 

0,100,200,340 B9 

1 

3.2 


600 

0,100,200,340 BIO 

1 

1.3 


800 

0,1.00,200,340 Bll 

1 

1.8 


800 

0,100,200,340 B12 

1 

2.5 


800 

0,100,200,340 BI3 

1 

3.2 


800 

0, 100, 200, 340 B14 

Nozzle Configuration 

^tp^amb ^ 


^tf^^amb 

Tjf (fps) Page 

2 

1.53 

250 

1.3 

250 0,100.200,340 B15 

2 

1.53 

250 

1.53 

250 0,100,200.340 B16 

2 

1.53 

250 

1.8 

250 0,100.200.340 B17 

2 

1.53 

250 

2.5 

250 0,100,200.340 B18 

2 

1.53 

250 

3.2 

250 0,100.200,340 BI9 

2 

1.53 

250 

1.3 

600 0.100,200.340 B20 

2 

1.53 

250 

1.8 

600 0,100,200,340 B21 

2 

1.53 

250 

2.5 

600 0.100.200.340 B22 

2 

1.53 

250 

3.2 

600 0.100.200,340 B23 

2 

1.53 

250 

1.3 

800 0,100,200,340 B24 

2 

1.53 

250 

1.8 

800 0,100,200,340, B24 
425 

2 

1.53 

250 

2.5 

800 0,100,200,340, B26 
425 

2 

1.53 

250 

3.2 

800 0,100,200,340, B27 
425 

2 

Primary Off 


1.3 

800 0,200,340 B2S 

2 

Primary Off 


1.8 

800 0,200,340 B29 

2 

Primary Off 


2.5 

800 0,200,340 B30 

2 

Primary Off 


3.2 

800 0,200,340 B31 

3 

1.53 

250 

1.3 

250 0,100,200,340 B32 

3 

1.53 

250 

1.53 

250 0,100,200,340 B33 

3 

1.53 

250 

1.8 

250 0,100,200,340 B34 

3 

1.53 

250 

2.5 

250 0,100,200,340 B35 

3 

1.53 

250 

3.2 

250 0.100,200,340 B36 

3 

1.53 

250 

1.3 

600 0,100,200,340 B37 

3 

1.53 

250 

1.8 

600 0,100,200,340 B38 

3 

1.53 

250 

2.5 

600 0,100.200,340 B39 

3 

1.53 

250 

3.2 

600 0,100,200,340 B40 

3 

1.53 

250 

1.3 

800 0,100,200,340 B41 

3 

1.53 

250 

1.8 

800 0,100,200,340 B42 

3 

1.53 

250 

2.5 

800 0,100,200,340, B43 
425 


1.53 

250 

3.2 

800 0,100,200,340, B44 
425 


u 




SECTIONS. (Cont'd) 


Nozzle Configuration 

^tp^amb 

Ttp(^F) 


Ttf Voo(fps) Page 

4 

1.53 

250 

1.3 

250 0,100,200.340 B45 

4 

1.53 

250 

1.53 

250 0,100,200,340 B46 

4 

1.53 

250 

1.8 

250 0,100,200.340 B47 

4 

1.53 

250 

2.5 

250 0,100,200,340 B48 

4 

1.53 

250 

3.2 

250 0.100.200,340 B49 

4 

1.53 

250 

1..9 

600 0.100,200,340 B50 

4 

1.53 

250 

1.8 

600 0,100,200,340 B51 

4 

1.53 

250 

2.5 

600 0,100.200,340 B52 

4 

1.53 

250 

3.2 

600 0,100,200,340 B53 

4 

1.53 

250 

1.3 

800 0,100,200.340 B54 

4 

1.53 

250 

1.8 

800 0,100,200,340, B55 
425 

4 

1.53 

250 

2.5 

800 0,100,200,340, B56 
425 

4 

1.53 

250 

3.2 

800 0,100,200,340, B57 
425 


SECTION C. EFFECT OF RELATIVE VELOCITY ON NOISE SPECTRA 


Nozzle Configuration 

^tp^amb 

Ttp^F) 


Ttj(»F) 

Page 

1 

1.8 

600 



Cl, 2 

1 

3.2 

600 



C3,4 

1 

1.8 

800 



C5,6 

1 

2.5 

800 



C.7,8 

2 

1.53 

250 

1.8 

600 

C9, 10 

2 

1.53 

250 

3.2 

600 

Cll, 12 

2 

1.53 

250 

1.8 

800 

C13, !4 

2 

1.53 

250 

2.5 

800 

C15, 16 

3 

1.53 

250 

1.8 

600 

C17, 18 

3 

1.53 

250 

3.2 

600 

C19, 20 

3 

1.53 

250 

1.8 

800 

C21,22 

3 

1.53 

250 

2.5 

800 

C23, 24 

4 

1.53 

250 

1.8 

600 

C25, 26 

4 

1.53 

250 

3.2 

600 

C27, 28 

4 

1.53 

250 

1.8 

800 

C29, 30 

4 

1.53 

250 

2.5 

800 

C31,32 

SECTION 0. EFFECT OF RELATIVE VELOCITY ON PNL DIRECTIVITY 


2 

1.53 

250 

1.8 

800 

D1 

2 

1.53 

250 

2.5 

800 

D2 

3 

1.53 

250 

1.8 

800 

D3 
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SECTION 0. (Cont'd) 


Nozzle Configuration 

**tp^**amb 


**tf^^amb 

Ttf<»F) 

Page 

3 

1.53 

250 

2.5 

800 

D4 

4 

1.53 

250 

1.8 

800 

D5 

4 

1.53 

250 

2.5 

800 

D6 

SECTION E. 

NOZZLE EXHAUST PLUME VELOCITY PROFILES 


1 

2.5 

800 



El 

2 

1.53 

250 

2.5 

800 

E2 

2 

Primary Off 


2.5 

800 

E3 

3 

1.53 

250 

1.3 

800 

E4 

3 

1.53 

250 

1.8 

800 

E5 

3 

1.53 

250 

2.5 

800 

E6 

3 

1.53 

250 

3.2 

800 

E7 

4 

1.53 

250 

2.5 

800 

E8 


SECTION F. EFFECT OF RELATIVE VELOCITY ON AERODYNAMIC PERFORMANCE 


Nozzle Configuration 

^t^amb 

^tf^^amb 

Voo(fps) 

Page 

1 

1.3 -3.2 


0,200.340,425 

FI 

2 

1.53 

1.3 -3.2 

1,200,340,425 

F2 

3 

1.53 

1.3 -3.2 

0,200,340,425 

F3 

4 

1.53 

1.3 -3.2 

0,200,340.425 

F4 

2 

Primary Off 

1.3 -3.2 

0 

F5 

2 

Thrust Adjustments 

1.3 -3.2 

Fan Off 

0 

F6 

F7 


Symbols 

P = pressure 
T = temperature 
V = velocity 

Subscripts 

amb = ambient 
f = fan 
p = primary 
t = total 

°° = tunnel stream 


DATA CURVES 


microphone ftNOLELsi — 9Cr DEO 
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